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(57) The semiconductor light-emitting element in-
cludes: a stacking structure having a substrate and a
semiconductor layer between a first surface and a sec-
ond surface that face each other in order from a side on
which the first surface is located, the substrate including
a compound semiconductor, and the semiconductor lay-
er being crystal-grown on the substrate and including a
light-emitting region; a first depression formed on at least
a portion of a first edge adjacent to the second surface
of the stacking structure; and a second depression
formed on a second edge extending along a thickness
direction of the stacking structure.
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Description

Technical Field

[0001] The present disclosure relates to a semicon-
ductor light-emitting element and a method of manufac-
turing the semiconductor light-emitting element.

Background Art

[0002] In recent years, it has been expected that a sem-
iconductor laser using a nitride semiconductor such as
GaN, AlGaN, GaInN, for example, is applied as a light
source for a high-density optical disk apparatus, a laser
beam printer, a full-color display, etc.
[0003] An approach to perform scribing and cleaving
after crystal-growing a semiconductor layer on a sub-
strate has been proposed as a manufacturing process
of this semiconductor laser (PTL 1, for example).

Citation List

Patent Literature

[0004] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2011-146653

Summary of the Invention

[0005] With an approach of the foregoing PTL 1, how-
ever, end surfaces may not be formed perpendicularly,
causing variation in a threshold current of each element.
Moreover, the end surfaces not being formed perpendic-
ularly reduce a substantial reflectance. Alternatively,
guided wave loss occurs to deteriorate characteristics
such as the threshold current and slope efficiency.
[0006] In a semiconductor light-emitting element that
performs formation of the end surfaces, it is desirable to
achieve the semiconductor light-emitting element and a
method of manufacturing the semiconductor light-emit-
ting element that allow for suppression of characteristic
deterioration.
[0007] A semiconductor light-emitting element accord-
ing to an embodiment of the present disclosure includes
a stacking structure having a substrate and a semicon-
ductor layer between a first surface and a second surface
that face each other in order from a side on which the
first surface is located, the substrate including a com-
pound semiconductor, and the semiconductor layer be-
ing crystal-grown on the substrate and including a light-
emitting region; a first depression formed on at least a
portion of a first edge adjacent to the second surface of
the stacking structure; and a second depression formed
on a second edge extending along a thickness direction
of the stacking structure.
[0008] In the semiconductor light-emitting element ac-
cording to the embodiment of the present disclosure, the
stacking structure has the substrate including the com-

pound semiconductor and the semiconductor layer in-
cluding the light-emitting region in order from the side on
which the first surface is located, and the first depression
is formed on at least the portion of the first edge adjacent
to the second surface. The second depression is formed
on the second edge extending along the thickness direc-
tion of the stacking structure. Providing the first depres-
sion and the second depression makes it easy to secure
perpendicularity of an end surface.
[0009] A method of manufacturing a semiconductor
light-emitting element according to an embodiment of the
present disclosure includes: forming a stacking structure
having a substrate and a semiconductor layer between
a first surface and a second surface that face each other
in order from a side on which the first surface is located,
the substrate including a compound semiconductor, and
the semiconductor layer being crystal-grown on the sub-
strate and including a light-emitting region, the forming
of the stacking structure including forming a first depres-
sion on at least a portion of a first edge adjacent to the
second surface of the stacking structure, and forming a
second depression on a second edge extending along a
thickness direction of the stacking structure.
[0010] In the method of manufacturing the semicon-
ductor light-emitting element according to the embodi-
ment of the present disclosure, in the forming of the stack-
ing structure having the substrate including the com-
pound semiconductor and the semiconductor layer in-
cluding the light-emitting region in order from the side on
which the first surface is located, the first depression is
formed on at least the portion of the first edge adjacent
to the second surface and the second depression is
formed on the second edge extending along the thick-
ness direction of the stacking structure. Forming the first
and second depressions makes it easy to secure per-
pendicularity of an end surface.
[0011] In the semiconductor light-emitting element ac-
cording to the embodiment of the disclosure, the stacking
structure has the substrate including the compound sem-
iconductor and the semiconductor layer including the
light-emitting region in order from the side on which the
first surface is located, and the first depression is formed
on at least the portion of the first edge adjacent to the
second surface. The second depression is formed on the
second edge extending along the thickness direction of
the stacking structure. Providing the first and second de-
pressions makes it possible to secure perpendicularity
of the end surface and suppress deterioration in a thresh-
old current, slope efficiency, etc. Therefore, it is possible
to suppress characteristic deterioration.
[0012] In the method of manufacturing the semicon-
ductor light-emitting element according to the embodi-
ment of the present disclosure, in the forming of the stack-
ing structure having the substrate including the com-
pound semiconductor and the semiconductor layer in-
cluding the light-emitting region in order from the side on
which the first surface is located, the first depression is
formed on at least the portion of the first edge adjacent
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to the second surface and the second depression is
formed on the second edge extending along the thick-
ness direction of the stacking structure. Forming the first
and second depressions makes it possible to secure per-
pendicularity of the end surface and suppress deteriora-
tion in a threshold current, the slope efficiency, etc.
Therefore, it is possible to suppress characteristic dete-
rioration.
[0013] It is to be noted that effects of the present dis-
closure are not necessarily limited to those described
above, and may be any of effects that are described here-
in.

Brief Description of Drawings

[0014]

FIG. 1 is a perspective view of an overall configura-
tion example of a semiconductor light-emitting ele-
ment according to an embodiment of the present dis-
closure.
FIG. 2 is a diagram illustrating a schematic configu-
ration of the semiconductor light-emitting element il-
lustrated in FIG. 1.
FIG. 3 is a plan view of a configuration of an element
substrate before cleaving of the semiconductor light-
emitting element (stacking structure) illustrated in
FIG. 1.
FIG. 4 is a diagram illustrating a cross-sectional con-
figuration of the element substrate illustrated in FIG.
3.
FIG. 5 is a flow chart illustrating a manufacturing
process of the semiconductor light-emitting element
illustrated in FIG. 1.
FIG. 6A is a schematic view for description of an
example of a cleaving method.
FIG. 6B is a schematic view for description of the
example of the cleaving method.
FIG. 7 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 1-1.
FIG. 8 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 1-2.
FIG. 9 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 1-3.
FIG. 10 is a plan view of a configuration example of
a semiconductor light-emitting element according to
Modification Example 2.
FIG. 11 is a diagram illustrating a cross-sectional
configuration of the semiconductor light-emitting el-
ement illustrated in FIG. 10.
FIG. 12 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 3-1.
FIG. 13 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element

according to Modification Example 3-2.
FIG. 14 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 4-1.
FIG. 15 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 4-2.
FIG. 16 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 5-1.
FIG. 17 is a cross-sectional view of a configuration
example of a semiconductor light-emitting element
according to Modification Example 5-2.

Modes for Carrying Out the Invention

[0015] In the following, some embodiments of the
present disclosure are described in detail with reference
to the drawings. The embodiments described below each
illustrate a specific example of the present disclosure,
and the present disclosure is not limited to the following
embodiments. Moreover, the present disclosure is not
limited to positions, dimensions, dimension ratios, and
other factors of respective components illustrated in the
drawings. It is to be noted that description is given in the
following order.

1. Embodiment (An example of a semiconductor
light-emitting element having a first depression and
a second depression on an edge adjacent to a sec-
ond surface of a stacking structure and an edge ex-
tending in a thickness direction, respectively)
2. Modification Examples 1-1 to 1-3 (Other examples
of a layout and a configuration of the first depression)
3. Modification Example 2 (Another example of a lay-
out and a configuration of the second depression)
4. Modification Examples 3-1 and 3-2 (Other exam-
ples of a cross-sectional shape of the second de-
pression)
5. Modification Examples 4-1 and 4-2 (Other exam-
ples of cross-sectional shapes of the first depression
and a third depression)
6. Modification Examples 5-1 and 5-2 (Other config-
uration examples of the third depression)

<Embodiments>

[Configuration]

[0016] FIG. 1 illustrates a configuration example of a
semiconductor light-emitting element 1 according to an
embodiment of the present disclosure. The semiconduc-
tor light-emitting element 1 is preferably used as a light
source for a high-density optical disk apparatus, a laser
beam printer, a full-color display, etc., for example. The
semiconductor light-emitting element 1 includes a stack-
ing structure 2 having a first surface S1 and a second
surface S2 facing each other. The stacking structure 2
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includes, for example, a substrate 10 and a semiconduc-
tor layer 20 formed on the substrate 10 by crystal growth.
A band-like projection 31 and an upper electrode 30 (for
example, a p-side electrode) are provided on the second
surface S2 of the stacking structure 2. An unillustrated
lower electrode (for example, an n-side electrode) is elec-
trically coupled to the substrate 10 of the stacking struc-
ture 2. The lower electrode is formed on a back surface
of the first surface S1, for example.
[0017] The semiconductor light-emitting element 1 is,
for example, an edge-emitting semiconductor laser, and
has a pair of end surfaces S3 and S4 (a first end surface
and a second end surface), with an extending direction
of the projection 31 as a resonator direction (a Y direc-
tion). Note that the semiconductor light-emitting element
1 is not limited to such a semiconductor laser, and may
be a semiconductor light-emitting element such as an
edge-emitting light-emitting diode (LED: Light Emitting
Diode) or a superluminescent diode (SLD: Superlumi-
nescent diode), for example.
[0018] The substrate 10 includes a compound semi-
conductor, for example, a group III-V nitride semiconduc-
tor such as GaN. Here, the "group III-V nitride semicon-
ductor" refers to a semiconductor including at least one
kind of a group of 3B group elements in the short-form
periodic table and at least N of 5B group elements in the
short-form periodic table. Examples of the group III-V ni-
tride semiconductor include a gallium nitride-based com-
pound including Ga and N. Examples of the gallium ni-
tride-based compound include GaN, AlGaN, AlGaInN,
etc. The group III-IV nitride semiconductor may be doped
with an n-type impurity of a group IV or group VI element
such as Si, Ge, O, or Se, or an p-type impurity of a group
II or group IV element such as Mg, Zn, or C, as needed.
[0019] The substrate 10 has a semipolar surface, for
example. That is, the substrate 10 has a main surface
inclined at a predetermined angle (about 20 degrees or
more and about 90 degrees or less, for example) in an
m-axis direction from a c-plane, for example.
[0020] The semiconductor layer 20 includes a group
III-V nitride semiconductor, for example, and is formed
by an epitaxial crystal growth method such as an MOCVD
(Metal Organic Chemical Vapor Deposition) method, for
example, with the main surface of the substrate 10 as a
crystal growth plane. The semiconductor layer 20 in-
cludes an active layer 21 that forms a light-emitting region
21A. Specifically, the semiconductor layer 20 has, for
example, a lower cladding layer (an n-type cladding layer,
for example), the active layer 21, an upper cladding layer
(a p-type cladding layer, for example), and a contact layer
(a p-type contact layer, for example), etc. in order from
a side on which the substrate 10 is located. The lower
cladding layer includes AlGaN, for example. The active
layer 21 has, for example, a multiple quantum well struc-
ture including well layers and barrier layers that are al-
ternately stacked. The well layers and the barrier layers
include GaInN having mutually different composition ra-
tios. The upper cladding layer includes AlGaN, for exam-

ple. The contact layer includes GaN, for example. It is to
be noted that any layer (a buffer layer, a guide layer, etc.,
for example) other than the foregoing layers may be fur-
ther provided in the semiconductor layer 20. The upper
electrode 30 is formed on the semiconductor layer 20.
[0021] The upper electrode 30 includes a laminated
film including titanium (Ti), platinum (Pt), and gold (Au),
for example. In contrast, the lower electrode formed on
the back surface (the first surface S1) of the substrate
10 includes, for example, a laminated film including an
alloy of gold (Au) and germanium (Ge), nickel (Ni), and
gold (Au).
[0022] The projection 31 is a ridge including the fore-
going contact layer and the foregoing upper cladding lay-
er, for example. The projection 31 is insulated by an in-
sulating film such as SiO2, after the contact layer and a
portion of the upper cladding layer are removed by etch-
ing.
[0023] The end surfaces S3 and S4 of the stacking
structure 2 are cleaved surfaces formed by cleaving. A
resonator structure is formed through sandwiching the
semiconductor layer 20 between the end surfaces S3
and S4. The end surface S3 is a surface that includes
the light-emitting region 21A and emits laser light. A mul-
tilayer reflection film (not illustrated) is formed on a sur-
face of the end surface S3. The multilayer reflection film
formed on the surface of the end surface S3 is a low
reflection film. A reflectance adjusted by a combination
of the multilayer reflection film and the end surface S3 is
about 10%, for example. The end surface S4 is a surface
that reflects laser light, and a multilayer reflection film
(not illustrated) is also formed on a surface of the end
surface S4. The multilayer reflection film formed on the
surface of the end surface S4 is a high reflection film. A
reflectance adjusted by a combination of the multilayer
reflection film and the end surface S4 is about 95%, for
example.
[0024] It is possible to form the end surfaces S3 and
S4 by cleaving that utilizes a groove or a notch (a first
depression 32, a second depression 33, and a third de-
pression 34) formed by scribing.
[0025] In the present embodiment, the first depression
32 is formed on at least a portion of an edge e1 adjacent
to the second surface S2 of the stacking structure 2. The
second depression 33 is formed on an edge e2 extending
along a thickness direction (a Z direction) of the stacking
structure 2. The third depression 34 is formed on at least
a portion of an edge e3 adjacent to the first surface S1
of the stacking structure 2.
[0026] Here, the stacking structure 2 has a rectangular
parallelepiped shape, for example, and includes, for ex-
ample, six surfaces including the first surface S1, the
second surface S2, and the end surfaces S3 and S4,
eight sides, and eight apexes. The edge e1 is a portion
corresponding to a side adjacent to the second surface
S2 and the end surface S3 and a side adjacent to the
second surface S2 and the end surface S4. The edge e1
extends along an element width direction (an X direction).
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The edge e2 is a portion that extends along the thickness
direction (the Z direction) and corresponds to one or both
of two sides adjacent to the respective end surfaces S3
and S4. The edge e3 is a portion corresponding to a side
adjacent to the first surface S1 and the end surface S3
and a side adjacent to the first surface S1 and the end
surface S4. The edge e3 faces the edge e1, for example,
and extends along the element width direction (the X di-
rection).
[0027] The first depression 32 is formed on a portion
of the edge e1, excluding a region corresponding to the
light-emitting region 21A, for example. Specifically, the
first depression 32 is provided on one or both of two re-
gions sandwiching the light-emitting region 21A of the
semiconductor layer 20 in between. In this example, the
first depression 32 is provided on each of the two regions
sandwiching the light-emitting region 21A in between. A
depth t (a length along the Z direction) of the first depres-
sion 32 is 5 mm or larger and 30 mm or smaller, for ex-
ample. A narrower width b (a length along the Y direction)
of the first depression 32 is more favorable, and the width
b of the first depression 32 is desirably 3 mm or smaller,
for example. Providing the first depression 32 (a fourth
depression 32A to be described later) makes it possible
to concentrate stress on the first depression 32 (the fourth
depression 32A) and form the end surfaces S3 and S4
with high perpendicularity during cleaving.
[0028] The second depression 33 is continuously
formed from the first surface S1 to the second surface
S2 on the edge e2, for example. In this example, the
second depression 33 is provided on each of four edges
e2 corresponding to the four sides extending in the Z
direction. Providing the second depression 33 (a hole
33A to be described later) makes it possible to make a
rate of crack propagation between elements constant
and suppress variation in perpendicularity or flatness of
the end surfaces during cleaving.
[0029] The third depression 34 continuously extends
along the X direction and is provided on the edge e3, for
example. A depth (a length along the Z direction) of the
third depression 34 is 5 mm or larger and 30 mm or small-
er, for example, and may be the same as or different from
the depth of the first depression 32. Providing the third
depression 34 makes it possible to improve perpendic-
ularity of the end surfaces during cleaving.
[0030] A cross-sectional shape (an XZ cross-sectional
shape) of each of the first depression 32, the second
depression 33, and the third depression 34 has a quad-
rangular shape (a rectangular shape or square shape),
for example. Corners of the quadrangular shape may be
rounded. The first depression 32 and the second depres-
sion 33 of the first depression 32, the second depression
33, and the third depression 34 are provided so as to be
adjacent to (connected with) each other, for example,
and the third depression 34 and the second depression
33 are provided so as to be adjacent to each other, for
example. Here, in a case where the first depression 32
and the second depression 33 are spaced apart, stress

easily concentrates on the second depression 33. Thus,
the first depression 32 and the second depression 33 are
desirably provided adjacently. The width (the length
along the extending direction of the edge e1(the X direc-
tion)) of the first depression 32 is desirably larger than
the width (the length along the extending direction of the
edge e1 (the X direction)) of the second depression 33,
which makes it possible to concentrate stress on the first
depression 32 (the fourth depression 32A to be described
later) rather than on the second depression 33 (the hole
33A to be described later) and form the end surfaces S3
and S4 with higher perpendicularity in cleaving.
[0031] FIG. 2 illustrates a schematic configuration of
the semiconductor light-emitting element 1 (the stacking
structure 2). FIG. 3 schematically illustrates a planar con-
figuration (an XY planar configuration viewed from a side
on which the second surface S2 is located) before cleav-
ing of the semiconductor light-emitting element 1. FIG. 4
illustrates a cross-sectional configuration (an XZ cross-
sectional configuration) of FIG. 3. As can be seen from
the above, the semiconductor light-emitting element 1
configures one (a portion of an element substrate 1B) of
a plurality of element regions 1A that are two-dimension-
ally disposed in a state before the cleaving.
[0032] The fourth depression 32A corresponding to the
foregoing first depression 32 and the hole 33A corre-
sponding to the second depression 33 are formed on the
element substrate 1B. As can be seen from the above,
in the element substrate 1B before being cleaved, the
fourth depression 32A and the hole 33A are provided in
a region between the respective semiconductor light-
emitting elements 1 (element regions 1A). Specifically,
the fourth depression 32A and the hole 33A are formed
in each of regions corresponding to four corners of the
respective element regions 1A. In the element substrate
1B, for example, a plurality of fourth depressions 32A are
formed discretely in portions excluding the projection 31
(that is, the light-emitting region 21A) and represent bro-
ken lines extending in the X direction, for example. The
hole 33A is provided in a middle portion of each of the
fourth depressions 32A, for example, and penetrates
from the first surface S1 to the second surface S2. In
contrast, a fifth depression 34A corresponding to the third
depression 34 is formed on a side on which the first sur-
face S1 is located. The fifth depression 34A is continu-
ously formed so as to extend along the X direction.
[0033] A depth d1 (a length along the X direction) of
the fourth depression 32A is desirably larger than a width
(diameter) d2 (a length along the X direction) of the hole
33A. As described above, a reason for this is that it is
possible to concentrate stress on the fourth depression
32A and form the end surfaces S3 and S4 with higher
perpendicularity in cleaving. It is possible to form any of
the fourth depression 32A, the hole 33A, and the fifth
depression 34A by laser irradiation (laser scribing), for
example. It is to be noted that although the laser scribing
is desirable as a method of forming the fourth depression
32A, the hole 33A, and the fifth depression 34A, for ex-
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ample, any other method such as cutting and etching
may be used.

[Manufacturing Method]

[0034] A method of manufacturing the semiconductor
light-emitting element 1 is described below. FIG. 5 illus-
trates a flow of a manufacturing process of the semicon-
ductor light-emitting element 1.
[0035] First, the substrate 10 including GaN, for exam-
ple, is prepared as a wafer (step S11). The semiconduc-
tor layer 20 including the nitride semiconductor is formed
collectively on the substrate 10 by the epitaxial crystal
growth method such as the MOCVD method, for example
(step S12). At this time, it is possible to use, for example,
trimethyl aluminum (TMA1), trimethylgallium (TMGa), tri-
methyl indium (TMIn), ammonia (NH3), etc. as a raw ma-
terial of the compound semiconductor, for example, mo-
nosilane (SiH4) as a raw material of a donor impurity,
and, for example, bis(cyclopentadienyl)magnesium
(Cp2Mg) as a raw material of an acceptor impurity. There-
after, the projection 31 is formed. Specifically, the pro-
jection 31 is formed through removing a portion of the
upper cladding layer of the semiconductor layer 20 by
dry etching. After the insulating film including SiO2 or the
like is formed on the projection 31, the insulating film on
an upper surface of the projection 31 is removed by a
photolithography method and etching.
[0036] Subsequently, the substrate 10 is polished
(thinned) and the electrodes (upper electrode 30 and the
lower electrode) are formed (step S13). Thus, the sub-
strate 10 is thinned from, for example, the thickness of
about 400 mm or larger and 500 mm or smaller to about
100 mm or smaller, for example. It is to be noted that the
electrodes may be formed after the substrate 10 is pol-
ished, or the substrate 10 may be polished after the upper
electrode 30 is formed and thereafter the lower electrode
may be formed on a back surface of the substrate 10.
The upper substrate 30 is formed on the second surface
S2 so as to cover the projection 31.
[0037] Next, the first depression 32 (the fourth depres-
sion 32A), the second depression 33 (hole 33A), and the
third depression 34 (the fifth depression 34A) are formed
by laser scribing (laser irradiation), for example (step
S14). Specifically, as illustrated in FIG. 3 and FIG. 4,
laser light irradiation is performed while scanning the la-
ser along the X direction on the second surface S2 of the
element substrate 1B to form the fourth depression 32A.
In addition, as illustrated in FIG. 3 and FIG. 4, laser light
irradiation is performed while scanning the laser along
the X direction on the first surface S1 of the element sub-
strate 1B to form the fifth depression 34A. Although either
the fourth depression 32A or the fifth depression 34A
may be formed first, the fourth depression 32A and the
fifth depression 34A are desirably formed at positions
facing each other. At this time, in a case where the stack-
ing structure 2 has transparency, it is possible to see
through the stacking structure 2 and visually recognize,

the fourth depression 32A (or the fifth depression 34A)
that is formed first, from a side on which the first surface
S1 (or the second surface S4) is located, which allows
for alignment of the fourth depression 32A and the fifth
depression 34A. Alternatively, it is possible to form the
fourth depression 32A and the fifth depression 34A at
the positions facing each other with reference to a for-
mation pattern of the upper electrode 30 and the lower
electrode formed on the element substrate 1B.
[0038] In contrast, the second depression 33 (the hole
33A) is formed, for example, after the fourth depression
32A and the fifth depression 34A are formed. However,
order of forming these depressions is not particularly lim-
ited. The hole 33A may be formed before the fourth de-
pression 32A and the fifth depression 34A are formed,
or the hole 33A may be formed after the fourth depression
32A (or the fifth depression 34A) is formed and lastly the
fifth depression 34A (or the fourth depression 32A) may
be formed. Specifically, as illustrated in FIG. 3 and FIG.
4, it is possible to form the hole 33A penetrating through
the stacking structure 2, by the laser light irradiation from
a side on which the first surface S1 or the second surface
S2 of the element substrate 1B is located.
[0039] A region corresponding to the fourth depression
32A and the hole 33A (a region along the extending di-
rection of the edge e1) is a cleaving line of the element
substrate 1B.
[0040] In this laser scribing, a laser that outputs a wave-
length absorbable by a constituent material of the sub-
strate 10, for example, is used. For example, in a case
where a GaN substrate is used, a laser that outputs a
wavelength near 350 nm is used. In addition, adjustment
of laser irradiation conditions (such as power, irradiation
time, and a spot diameter) makes it possible to control a
width (a diameter), a depth, etc. of each of the fourth
depression 32A, the fifth depression 34A, and the hole
33A.
[0041] Next, cleaving is performed to form the end sur-
faces S3 and S4 of the stacking structure 2 and separate
the semiconductor light-emitting elements 1 (element re-
gions 1A) (Step S15). At this time, the element substrate
1B is pressed along the extending direction (the X direc-
tion) of each of the fourth depression 32A and the fifth
depression 34A formed on the element substrate 1B as
a cleaving line L. FIG. 6A and FIG. 6B schematically il-
lustrate an example of a cleaving method.
[0042] As illustrated in FIG. 6A and FIG. 6B, the ele-
ment substrate 1B is fixed to a surface of an adhesive
sheet 121, and covered by a PET film 122 to protect the
element substrate 1B. The element substrate 1B sand-
wiched between the adhesive sheet 121 and the PET
film 122 is placed on a pair of receiving blades 123, and
thereafter the element substrate 1B is pressed using a
blade 120. Accordingly, the element substrate 1B is
cleaved along the cleaving line L. This cleaving is repeat-
edly performed on respective lines along the X direction
between the element regions 1A illustrated in FIG. 3.
[0043] Thus, the end surfaces S3 and S4 are formed
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and the plurality of semiconductor light-emitting elements
1 are obtained. The semiconductor light-emitting ele-
ments are arranged in a bar shape (arranged continu-
ously along the X direction). After the multilayer reflection
film is formed on the end surfaces S3 and S4 of the sem-
iconductor light-emitting elements 1 arranged in the bar
shape, regions between the elements along the Y direc-
tion are also scribed, and cleaved similarly as described
above. The element substrate 1B is divided into the plu-
rality of element regions 1A (the semiconductor light-
emitting elements 1) in such a manner. Thus, the semi-
conductor light-emitting element 1 illustrated in FIG. 1 is
completed.

[Workings and Effects]

[0044] In the semiconductor light-emitting element 1
according to the present embodiment, in a case where
a predetermined voltage is applied between the upper
electrode 30 and the lower electrode, an electric current
is injected into the active layer 21 of the semiconductor
layer 20, which results in light emission by recombination
of electrons and holes. Light generated in the active layer
21 is repeatedly reflected on the end surfaces S3 and S4
which configure a pair of resonator mirrors, for example,
and thereafter, the light is outputted with a predetermined
oscillation wavelength λ from the light-emitting region
21A on the end surface S3 (laser oscillation occurs).
[0045] In the semiconductor light-emitting element 1,
the end surfaces S3 and S4 as the resonator mirrors are
formed by cleaving.
[0046] However, the end surfaces formed by cleaving
may not be formed perpendicularly. Poor perpendicular-
ity of the end surfaces may cause variation in a threshold
current in each of the elements or reduce substantial re-
flectance. Alternatively, guided wave loss occurs to de-
teriorate characteristics such as the threshold current or
slope efficiency. In particular, in a case where the sem-
iconductor layer is crystal-grown on a semipolar plane,
and cleaving is performed as with a case where the sem-
iconductor layer is crystal-grown on a [0001] plane, for
example, perpendicularity is susceptible to an influence
of the [0001] plane that is a substrate crystal plane near
each of the end surfaces. Thus, the end surfaces are not
formed perpendicularly, thereby causing variation in the
threshold current. As can be seen from the above, poor
perpendicularity of the end surfaces reduces substantial
reflectance, or results in guided wave loss, thereby easily
deteriorating the characteristics such as the threshold
current or the slope efficiency.
[0047] It is to be noted that the foregoing PTL1, for
example, proposes the method of forming a scribed hole
in a wafer where a semiconductor layer is crystal-grown
on a semipolar plane of a substrate, and then cleaving
the wafer. The scribed hole penetrates through the wafer.
However, in the scribed hole, a scribed width (a length
along a resonator length direction) viewed from a P plane
increases. Variation in a length along a resonator direc-

tion occurs on a cross-section of the element divided with
use of such a scribed hole. In other words, perpendicu-
larity of the end surfaces formed by cleaving degrades.
[0048] In contrast to this, in the present embodiment,
the first depression 32 is formed on at least a portion of
the edge e1 adjacent to the second surface S2 of the
stacking structure 2, and the second depression 33 is
formed on the edge e2 extending along the thickness
direction of the stacking structure 2. Providing the first
depression 32 and the second depression 33 makes it
easy to secure perpendicularity of the end surfaces S3
and S4. Specifically, it is possible to make the rate of
crack propagation between elements constant by the
second depression 33 (the hole 33A) while concentrating
stress in cleaving on the first depression 32 (the fourth
depression 32A), which makes it easy to form the end
surfaces S3 and S4 perpendicularly. Moreover, it is pos-
sible to suppress unevenness of the end surfaces S3 and
S4 and enhance flatness. This makes it possible to sup-
press deterioration in the threshold current, the slope ef-
ficiency, etc. of the semiconductor light-emitting element
1.
[0049] Further, in the present embodiment, providing
the first depression 32 and the second depression 33
makes it easy to secure linearity of the cleaving line,
which makes it easier to secure perpendicularity of the
end surfaces S3 and S4.
[0050] Furthermore, in the present embodiment, pro-
viding the first depression 32 and the second depression
33 makes it possible to suppress occurrence of a fine
break, as compared with a case where only the first de-
pression 32 or only the second depression 33 is provided.
[0051] In addition, in the present embodiment, flatness
of the end surfaces S3 and S4 is enhanced, which makes
it possible to improve ESD (Electrostatic Discharge: elec-
trostatic discharge) resistance or COD (Catastrophic Op-
tical Damage: optical damage) resistance.
[0052] As described above, in the present embodi-
ment, the first depression 32 is formed on at least a por-
tion of the edge e1 adjacent to the second surface S2 of
the stacking structure 2, and the second depression 33
is formed on the edge e2 extending along the thickness
direction of the stacking structure 2. This makes it pos-
sible to secure perpendicularity of the end surfaces S3
and S4 and suppress deterioration in the threshold cur-
rent, the slope efficiency, etc. of the semiconductor light-
emitting element 1. It is also possible to suppress char-
acteristic variation in each of the semiconductor light-
emitting elements 1. Therefore, it is possible to suppress
characteristic deterioration.
[0053] Next, description is given of modification exam-
ples of the foregoing embodiment. It is to be noted that
components similar to those in the foregoing embodiment
are denoted by same reference numerals, and descrip-
tion thereof is omitted where appropriate.
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<Modification Examples 1-1 to 1-3>

[0054] FIG. 7 is a cross-sectional view of a configura-
tion example of a semiconductor light-emitting element
according to Modification Example 1-1. FIG. 8 is a cross-
sectional view of a configuration example of a semicon-
ductor light-emitting element according to Modification
Example 1-2. FIG. 9 is a cross-sectional view of a con-
figuration example of a semiconductor light-emitting el-
ement (the element region 1A) according to Modification
Example 1-3. It is to be noted that FIG. 7 to FIG. 9 illustrate
a state of the element substrate 1B (a state before cleav-
ing).
[0055] Although the foregoing embodiment exempli-
fies the configuration in which the first depression 32 is
adjacent to the second depression 33, the first depres-
sion 32 and the second depression 33 may not be adja-
cent. As in Modification Examples 1-1 to 1-3, the first
depression 32 and the second depression 33 may be
spaced apart (so as not to overlap each other). Moreover,
as in Modification Examples 1-1 and 1-2, the first depres-
sion 32 may be provided only on a portion corresponding
to one side (one of two regions sandwiching the light-
emitting region 21A in between) of the light-emitting re-
gion 21A (not illustrated in FIG. 7 and FIG. 8).
[0056] As can be seen from the above, a forming po-
sition of the first depression 32 and the number of first
depressions 32 are not particularly limited, and it is only
necessary to provide the first depression 32 on at least
a portion of the edge e1 adjacent to the second surface
S2 of the stacking structure 2.

<Modification Example 2>

[0057] FIG. 10 is a plan view of a configuration example
of a semiconductor light-emitting element according to
Modification Example 2. FIG. 11 is a diagram illustrating
a cross-sectional configuration of the semiconductor
light-emitting element illustrated in FIG. 10. It is to be
noted that FIG. 10 and FIG. 11 illustrate the state of the
element substrate 1B (the state before cleaving).
[0058] Although the foregoing embodiment exempli-
fies the configuration in which the second depressions
33 are formed on the four edges e2 of the semiconductor
light-emitting element 1 (at the four corners of the element
region 1A), the second depressions 33 may be provided
only on some of the four edges e2. In other words, in the
element substrate 1B, a smaller number of second de-
pressions 33 (the holes 33A) than that in the foregoing
embodiment may be provided.

<Modification Examples 3-1 and 3-2>

[0059] FIG. 12 is a cross-sectional view of a configu-
ration example of a semiconductor light-emitting element
according to Modification Example 3-1. FIG. 13 is a cross-
sectional view of a configuration example of a semicon-
ductor light-emitting element according to Modification

Example 3-2. It is to be noted that FIG. 12 and FIG. 13
illustrate the state of the element substrate 1B (the state
before cleaving).
[0060] Although the foregoing embodiment exempli-
fies the case where the cross-sectional shape of the sec-
ond depression 33 is the rectangular shape or the square
shape, the cross-sectional shape of the second depres-
sion 33 is not limited thereto, and may be a trapezoidal
shape or a triangular shape as in Modification Examples
3-1 and 3-2. In this case, in the element substrate 1B, as
illustrated in FIG. 12 and FIG. 13, the second depression
33 (the hole 33A) is formed so as to have a diameter (a
width) that gradually increases from the first surface S1
to the second surface S2. Laser light irradiation is per-
formed in laser scribing while gradually increasing (or
reducing) laser output to form one hole 33A, which makes
it possible to form such a shape.

<Modification Examples 4-1 and 4-2>

[0061] FIG. 14 is a cross-sectional view of a configu-
ration example of a semiconductor light-emitting element
according to Modification Example 4-1. FIG. 15 is a cross-
sectional view of a configuration example of a semicon-
ductor light-emitting element according to Modification
Example 4-2. It is to be noted that FIG. 14 and FIG. 15
illustrate the state of the element substrate 1B (the state
before cleaving).
[0062] Although the foregoing embodiment exempli-
fies the case where the cross-sectional shapes of the
first depression 32 and the third depression 34 are the
rectangular shape or the square shape, the cross-sec-
tional shapes of the first depression 32 and the third de-
pression 34 are not limited thereto, and may be a trape-
zoidal shape or a triangular shape, as in Modification
Examples 4-1 and 4-2. In other words, the first depression
32 and the third depression 34 may have a tapered shape
(an inclined surface). Moreover, although not illustrated
specifically, the respective cross-sectional shapes of the
first depression 32 and the third depression 34 may be
the same or different.

<Modification Examples 5-1 and 5-2>

[0063] FIG. 16 is a cross-sectional view of a configu-
ration example of a semiconductor light-emitting element
according to Modification Example 5-1. FIG. 17 is a cross-
sectional view of a configuration example of a semicon-
ductor light-emitting element according to Modification
Example 5-2. It is to be noted that FIG. 16 and FIG. 17
illustrate the state of the element substrate 1B (state be-
fore cleaving).
[0064] Although the foregoing embodiment exempli-
fies the configuration in which the third depression 34 is
provided continuously along the extending direction of
the edge e3 on the side on which the first surface S1 is
located, the third depression 34 may be provided only in
a selective region of the edge e3, as in Modification Ex-
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ample 5-1. In this case, as illustrated in FIG. 16, in the
element substrate 1B, a plurality of third depressions 34
are discretely formed along the extending direction of the
edge e3. Moreover, although the third depression 34 is
spaced apart from the second depression 33 in the ex-
ample in FIG. 16, the third depression 34 may be provided
adjacent to the second depression 33.
[0065] Further, as in Modification Example 5-2, the
third depression 34 may not be provided. As long as the
first depression 32 and the second depression 33 are
provided, it is possible to secure perpendicularity of the
end surfaces S3 and S4.
[0066] Although the description has been given by re-
ferring to the embodiment and the modification exam-
ples, the present disclosure is not limited to the foregoing
embodiment, etc., and may be modified in a variety of
ways. It is to be noted that the effects described herein
are merely illustrative. The effects of the present disclo-
sure are not limited to those described herein. The
present disclosure may further have any effects other
than those described herein.
[0067] Moreover, the present disclosure may have the
following configurations, for example.

(1) A semiconductor light-emitting element, includ-
ing:
a stacking structure having a substrate and a semi-
conductor layer between a first surface and a second
surface that face each other in order from a side on
which the first surface is located, the substrate in-
cluding a compound semiconductor, and the semi-
conductor layer being crystal-grown on the substrate
and including a light-emitting region;

a first depression formed on at least a portion of
a first edge adjacent to the second surface of
the stacking structure; and
a second depression formed on a second edge
extending along a thickness direction of the
stacking structure.

(2) The semiconductor light-emitting element ac-
cording to (1), in which the first depression is formed
on a portion of the first edge, excluding a region cor-
responding to the light-emitting region.
(3) The semiconductor light-emitting element ac-
cording to (1) or (2), in which the second depression
is continuously formed from the first surface to the
second surface of the stacking structure.
(4) The semiconductor light-emitting element ac-
cording to any one of (1) to (3), further including a
third depression on at least a portion of a third edge
that is adjacent to the first surface of the stacking
structure and faces the first edge.
(5) The semiconductor light-emitting element ac-
cording to any one of (1) to (4), in which a length of
the first depression along an extending direction of
the first edge is larger than a length of the second

depression along the extending direction of the first
edge.
(6) The semiconductor light-emitting element ac-
cording to any one of (1) to (5), in which the first
depression is provided on one or both of two regions
sandwiching the light-emitting region of the semicon-
ductor layer in between.
(7) The semiconductor light-emitting element ac-
cording to any one of (1) to (6), in which the first
depression is provided adjacent to the second de-
pression.
(8) The semiconductor light-emitting element ac-
cording to any one of (1) to (7), in which the first
depression is spaced apart from the second depres-
sion.
(9) The semiconductor light-emitting element ac-
cording to any one of (1) to (8), in which a cross-
sectional shape of each of the first and second de-
pressions is a square shape, a triangular shape, or
a trapezoidal shape.
(10) The semiconductor light-emitting element ac-
cording to any one of (1) to (9), in which
the stacking structure has a rectangular parallelepi-
ped shape, and has a first end surface including the
light-emitting region and a second end surface facing
the first end surface, and
the first edge is a portion corresponding to each of
a side adjacent to the second surface and the first
end surface, and a side adjacent to the second sur-
face and the second end surface.
(11) The semiconductor light-emitting element ac-
cording to any one of (1) to (10), in which
the stacking structure has a rectangular parallelepi-
ped shape, and has a first end surface including the
light-emitting region and a second end surface facing
the first end surface, and
the second edge extends along the thickness direc-
tion, and is a portion corresponding to one or both
of two sides adjacent to each of the first and second
end surfaces.
(12) The semiconductor light-emitting element ac-
cording to (4), in which
the stacking structure has a rectangular parallelepi-
ped shape, and has a first end surface including the
light-emitting region and a second end surface facing
the first end surface, and
the third edge is a portion corresponding to each of
a side adjacent to the first surface and the first end
surface and a side adjacent to the first surface and
the second end surface.
(13) The semiconductor light-emitting element ac-
cording to any one of (1) to (12), in which the sub-
strate has a semipolar plane.
(14) The semiconductor light-emitting element ac-
cording to any one of (1) to (13), in which the stacking
structure includes a group III nitride semiconductor.
(15) A method of manufacturing a semiconductor
light-emitting element, the method including:
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forming a stacking structure having a substrate
and a semiconductor layer between a first sur-
face and a second surface that face each other
in order from a side on which the first surface is
located, the substrate including a compound
semiconductor, and the semiconductor layer be-
ing crystal-grown on the substrate and including
a light-emitting region,
the forming of the stacking structure including
forming a first depression on at least a portion
of a first edge adjacent to the second surface of
the stacking structure, and
forming a second depression on a second edge
extending along a thickness direction of the
stacking structure.

(16) The method of manufacturing the semiconduc-
tor light-emitting element according to (15), in which
a plurality of element regions each corresponding to
the stacking structure are formed on the substrate,
and thereafter an end surface of the stacking struc-
ture is formed by cleaving, and
the cleaving includes
forming a fourth depression extending along one di-
rection on at least a portion of regions between re-
spective element regions of the second surface,
forming a hole penetrating through the stacking
structure on at least a portion of regions between the
respective element regions, and
forming the end surface with use of a region corre-
sponding to the fourth depression and the hole as a
cleaving line.
(17) The method of manufacturing the semiconduc-
tor light-emitting element according to (16), in which
the fourth depression and the hole are each formed
by laser irradiation.

[0068] This application claims the benefit of Japanese
Priority Patent Application No. 2016-146558 filed with
the Japan Patent Office on July 26, 2016, the entire con-
tents of which are incorporated herein by reference.
[0069] It should be understood that those skilled in the
art could conceive various modifications, combinations,
sub-combinations, and alterations depending on design
requirements and other factors, insofar as they are within
the scope of the appended claims or the equivalents
thereof.

Claims

1. A semiconductor light-emitting element, comprising:

a stacking structure having a substrate and a
semiconductor layer between a first surface and
a second surface that face each other in order
from a side on which the first surface is located,
the substrate including a compound semicon-

ductor, and the semiconductor layer being crys-
tal-grown on the substrate and including a light-
emitting region;
a first depression formed on at least a portion of
a first edge adjacent to the second surface of
the stacking structure; and
a second depression formed on a second edge
extending along a thickness direction of the
stacking structure.

2. The semiconductor light-emitting element according
to claim 1, wherein the first depression is formed on
a portion of the first edge, excluding a region corre-
sponding to the light-emitting region.

3. The semiconductor light-emitting element according
to claim 1, wherein the second depression is contin-
uously formed from the first surface to the second
surface of the stacking structure.

4. The semiconductor light-emitting element according
to claim 1, further comprising a third depression on
at least a portion of a third edge that is adjacent to
the first surface of the stacking structure and faces
the first edge.

5. The semiconductor light-emitting element according
to claim 1, wherein a length of the first depression
along an extending direction of the first edge is larger
than a length of the second depression along the
extending direction of the first edge.

6. The semiconductor light-emitting element according
to claim 1, wherein the first depression is provided
on one or both of two regions sandwiching the light-
emitting region of the semiconductor layer in be-
tween.

7. The semiconductor light-emitting element according
to claim 1, wherein the first depression is provided
adjacent to the second depression.

8. The semiconductor light-emitting element according
to claim 1, wherein the first depression is spaced
apart from the second depression.

9. The semiconductor light-emitting element according
to claim 1, wherein a cross-sectional shape of each
of the first and second depressions is a square
shape, a triangular shape, or a trapezoidal shape.

10. The semiconductor light-emitting element according
to claim 1, wherein
the stacking structure has a rectangular parallelepi-
ped shape, and has a first end surface including the
light-emitting region and a second end surface facing
the first end surface, and
the first edge is a portion corresponding to each of
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a side adjacent to the second surface and the first
end surface, and a side adjacent to the second sur-
face and the second end surface.

11. The semiconductor light-emitting element according
to claim 1, wherein
the stacking structure has a rectangular parallelepi-
ped shape, and has a first end surface including the
light-emitting region and a second end surface facing
the first end surface, and
the second edge extends along the thickness direc-
tion, and is a portion corresponding to one or both
of two sides adjacent to each of the first and second
end surfaces.

12. The semiconductor light-emitting element according
to claim 4, wherein
the stacking structure has a rectangular parallelepi-
ped shape, and has a first end surface including the
light-emitting region and a second end surface facing
the first end surface, and
the third edge is a portion corresponding to each of
a side adjacent to the first surface and the first end
surface and a side adjacent to the first surface and
the second end surface.

13. The semiconductor light-emitting element according
to claim 1, wherein the substrate has a semipolar
plane.

14. The semiconductor light-emitting element according
to claim 1, wherein the stacking structure includes a
group III nitride semiconductor.

15. A method of manufacturing a semiconductor light-
emitting element, the method comprising:

forming a stacking structure having a substrate
and a semiconductor layer between a first sur-
face and a second surface that face each other
in order from a side on which the first surface is
located, the substrate including a compound
semiconductor, and the semiconductor layer be-
ing crystal-grown on the substrate and including
a light-emitting region,
the forming of the stacking structure including
forming a first depression on at least a portion
of a first edge adjacent to the second surface of
the stacking structure, and
forming a second depression on a second edge
extending along a thickness direction of the
stacking structure.

16. The method of manufacturing the semiconductor
light-emitting element according to claim 15, wherein
a plurality of element regions each corresponding to
the stacking structure are formed on the substrate,
and thereafter an end surface of the stacking struc-

ture is formed by cleaving, and
the cleaving includes
forming a fourth depression extending along one di-
rection on at least a portion of regions between re-
spective element regions of the second surface,
forming a hole penetrating through the stacking
structure on at least a portion of regions between the
respective element regions, and
forming the end surface with use of a region corre-
sponding to the fourth depression and the hole as a
cleaving line.

17. The method of manufacturing the semiconductor
light-emitting element according to claim 16, wherein
the fourth depression and the hole are each formed
by laser irradiation.
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